ABSTRACT An amphipod (Hirondellea gigas) was retrieved with decompression in an insulated trap from an ocean depth of 10,476 m. Bacterial isolates were obtained from the dead and cold animal by using silica gel medium incubated at 1000 bars (1 bar = 105 Pa)-and 2C. The isolate designated MT41 was found to be obligately barophilic and did not grow at a pressure close to that of 380 bars found at average depths of the sea. The optimal generation time ofabout 25 hr was at 20C and 690 bars. The generation time at 2TC and 1,035 bars, a pressure close to that at the depth of origin, was about 33 hr. Among the conclusions are: (i) pressure is an important determinant of zonation along the water column of the sea; (ii) some obligately barophilic bacteria survive decompressions; (iii) the pressure of optimal growth at 20C appears to be less than the pressure at the depth of origin and may be diagnostic for the depth oforigin; (iv) rates of reproduction are slow yet significant and an order of magnitude greater than previously thought; and (v) much of deep-sea microbiology may have been done with spurious deep-sea organisms due to warming of samples.
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We recently reported (1, 2) the isolation and partial characterization of a deep-sea bacterium showing barophilic growth in laboratory cultures. Its optimum growth occurs at pressures corresponding to those at ocean depths. This is the first barophilic bacterium to be isolated in nearly 20 years, and it grows much more rapidly than did the previously reported barophile (3) . At a deep-sea temperature of20C, strain CNPT-3 grows over a.range of pressures of nearly 800 bars (1 bar = 105 Pa). This range is greater than that of about 500 bars over which many mesophilic (4) (5) (6) and psychrophilic (7) bacteria can grow. Accordingly, we would expect to find in the deep trenches of the oceans, where the pressure is 800-1100 bars, bacteria that are either obligately barophilic or barophilic with a tolerance to a range of pressures greater than 800 bars.
We report here on the isolation and partial characterization of an apparently obligately barophilic bacterium from the Mariana Trench at a depth of 10 (8) , which was at 5-60C and at one atmosphere. The amphipod was not alive as judged by locomotory criteria. It was kept at 0C, placed in microbiological culture medium (9) , and incubated at 1035 bars and 20C within 2 hr after the recovery ofthe trap. During 1979, this decomposing animal and the surrounding medium served as the source ofinocula for other cultures. These were incubated at 1035 bars, except for intervals of less than 1 hr required to perform inoculations at atmospheric pressure and 00C.
Colonies of bacteria were grown at 1035 bars by using the silica gel pour tube method as described (9) . One of these isolates was designated MT-41 and studied to determine the kinetics of its reproduction as a function of deep-sea pressures at 20C, a temperature close to that at the bottom of the Mariana Trench (10) . A culture ofthe strain designated MT- The early stages ofthe formation of aggregates were observed with phase microscopy and with scanning electron microscopy. ' Fig. 2 shows an aggregate photographed with the scanning electron microscope. The culture was at 863 bars and was sampled at 234 hr after the start of the experiments (0 hr in Fig. 1 (Fig. 2) did not clearly reveal a substance that might be holding the cells juxtaposed, although an indication of extrace'llular material is evident in, the lower right hand portion of the clump.
The -mean generation time, g, was calculated from the exponential portions ofthe curves-in Fig. 1 . The pressure at which g was determined is shown in Fig. 3 (13) by offering reproductive isolation. A better understanding of the species composition oftrenches, the propagules ofthese organisms, and the survival of hadal life at abyssal depths is required to assess the effects of the depths of the sill between trenches.
There is no theory for predicting the value of the generation time for bacteria at given conditions of temperature, pressure and nutrient concentrations. Brock (14) tabulated for 11 bacterial strains the temperature. at which the generation. time (determined in nutrient-rich media) was optimal. He found an intriguing linear relationship between the logarithm of the reciprocal ofthe optimal mean generation time for each bacterium and the reciprocal ofthe absolute temperature. Ifthe Brock plot is extrapolated to a generation time of 25 hr (we do not know if this is the optimal value for the barophile MT-41 but, use it for the sake of argument), then the temperature of optimal growth is calculated to be -480C. In this sense barophiles may be viewed as extreme psychrophiles. To what extent is high pressure equivalent .to low temperature? Hamann (15) has eloquently discussed how the effects of increasing pressure may be considered from the principle of le Chatelier (which is the basis for most thermodynamic explanations) and from the principle of microscopic ordering. Thus, pressure favors those reactions occurring with a volume decrease and pressure tends to create order at the molecular level. One of the notable exceptions to these principles, is water, which freezes at lower temperatures as the pressure is increased and which exhibits a minimum viscosity as the pressure is increased along certain isotherms. In these two examples, increasing pressure produces similar effects to increasing temperature. It is possible that these exceptions do not apply in dealing with aqueous solutions as opposed to pure water; or, that the principles of le Chatelier and of microscopic ordering apply to the nonaqueous components (especially membranes) of living cells that, might be important determinants of pressure sensitivity (16) . In any event and in the absence of a clear manner [see also Morita (17) ] to establish an equivalence between temperature and pressure for complex systems, studies showing the inactivation of deep-sea bacteria (18) by warming to even 100C support the conclusion from a Brock plot that they are extreme psychrophiles.
The Brock (15) plot shows, furthermore, that there is an intrinsic slowing of life processes as the temperature is lowered. The generation time of the hadal strain MT-41 was slower than that of the abyssal strain CNPT-3. This. evidence supports the hypothesis (19) (20) (21) that life processes are slowed in the deep sea because of high pressure. However, we note that the extent of the reduction in the rate of biological activities may not be nearly as great as early evidence indicated (19, 20) . In addition, the rates of reproduction ofboth strains CNPT-3 and MT-41 are sufficiently large to ascribe an important role to such bacteria in the biochemical and biogeochemical transformations in the deep sea.
Mean generation times of strain MT-41 of between 25 and 34 hr at temperatures and pressures approximating the natural environmental ones are much more rapid than a 33-day generation time found for Pseudomonas bathycetes under similar physical conditions (22) . P. bathycetes originated from a sediment sample from the Mariana Trench (17). The conclusion should not be drawn that sediment bacteria (perhaps such as P. bathycetes) reproduce intrinsically more slowly than animalassociated bacteria (possibly such as MT-41).. We have found bacteria from. sediments of abyssal plains that reproduced in nutrient-rich media just as rapidly as animal associated ones did. We are of the opinion that P. bathycetes, although originating from a Mariana Trench sample, is not likely part of the indigenous microflora of the Mariana Trench. It is most likely an intruder which entered trench sediments with detritus and remained there in a preserved or low-activity state. This hypothesis is derived in part from the slow generation time that P. bathycetes exhibits under low temperatures and high presProc. Natl. Acad. Sci. USA 78 (1981) sures and more so from our studies which suggest that abyssal bacteria and, by extrapolation, trench bacteria will be extremely psychrophilic and barophilic. P. bathycetes grows (23) nonbarophilically at atmospheric pressure and at temperatures as great as 25TC.
There has been speculation (5, 21) suggesting that deep-sea bacteria may be sufficiently sensitive to succumb when sampled from the deep sea without retention of the pressure of their native environment. The previous study with the barophilic strain CNPT-3 and the present one with the obligately barophilic strain MT-41, although incomplete, suggest that the barophilic character per se does not render a strain sensitive to decompression. The important fact emerging is that deep-sea microorganisms are exquisitely sensitive to increased temperatures as would be encountered in sampling with uninsulated devices and in casual handling in the laboratory. The important conclusion is that much significant (although not all) deep-sea microbiology can be done without elaborate pressure-retaining sampling devices. The ability to handle these organisms in the laboratory is greatly facilitated by their tolerance to decompressions, even if the duration of the decompression must be brief. Finally, we assert that an axiom ofdeep-sea microbiology is that all cultivations should be conducted at the temperatures and pressures ofthe natural environment. Only in this way can shallow water microbes be prevented from contaminating and even overtaking the deep-sea microbes in laboratory cultures (24) .
